The thermophilic bacteriophage TP84 is dissociated into its head, tail, and released deoxyribonucleic acid (DNA) by chelating agents such as ethylenediaminetetraacetic acid (EDTA) and phosphate. The phage is more sensitive to EDTA than to phosphate, and dialysis against either agent causes more effective dissociation than standing in their presence. The tail possesses a knobbed structure which is inserted into the head of the intact phage and to which the DNA appears to be attached. The method of dissociating TP84 described in this paper provides a source of undamaged structural components and intact strands of DNA for subsequent investigations. A possible mechanism of chelate inactivation is discussed.
The general properties of the thermophilic bacteriophage TP84 and the physical-chemical characteristics of its deoxyribonucleic acid (DNA) were reported by Saunders and Campbell (10, 11) . They found that 90% of the phage were inactivated upon dialysis into 0.025 M sodium phosphate (pH 6.8). This paper reports the sensitivity of phage TP84 to chelating agents and the structure of its dissociated components. The structural relationship between phage DNA and the tail is also revealed.
MATERIALS AND METHODS
Preparation of TP84. Thermophilic bacteriophage TP84 was propagated on its host organism (11) Bacillus stearothlermophiluts strain 10 at 65 C. The conditions of growth, assay, and purification of TP84 from mass lysates have been described (11) . The purified stocks (3 X 1012 plaque-forming units/ml) were stored at 4 C in TMS buffer containing 0.1 M NaCl, 0.08 M MgSO4, and 0.005 M tris(hydroxymethyl)aminomethane (Tris), pH 7.3.
Treatment of TP84. The phage stock in TMS buffer was diluted 10-fold into the desired solution and allowed to stand at 4 C or was dialyzed against the same solution for 24 hr. The phage were examined in distilled water; 0.02 M Tris, pH 7.3; 0.1 M Tris, pH 7.3; 0.025 M sodium phosphate, pH 6.8; and 0.02 M ethylenediaminetetraacetic acid (EDTA), pH 6.8. For EDTA dialysis, the phage stock was first diluted 10- ' fold with 0.02 M Tris, pH 7.3. All procedures were performed at 4 C.
Electron microscopy: negative staining. A drop of the phage suspension was placed on carbon-coated grids, and the excess was withdrawn with filter paper. The grids were then floated on a saturated solution of uranyl acetate for 5 to 20 min. Excess stain was removed with filter paper, and the grids were examined immediately in a Siemens Elmiskop I at 60kv by using single or double condensor illumination. A 2% solution of phosphotungstic acid (PTA), pH 7.2, was also used for negative staining.
Electron microscopy: shadowing. Shadowed preparations were prepared by a modification of the method of Kleinschmidt and Zahn (5) . Phage preparations were diluted 10-fold with 2 M ammonium acetate containing 0.02% cytochrome c and spread on a water surface with a glass ramp. The monolayer was picked up on carbon-coated seven-hole platinum grids and rotary shadowed at an angle of ca. 100 with uranium oxide.
RESULTS
As previously reported (11), phage TP84 was stable when dialyzed into or stored in TMS buffer at 4 C. Purified phage dialyzed into TMS buffer and stained with uranyl acetate are shown in Fig. 1 . The preparation contained more than 99%c intact phage and less than 1% ghosts. The negative stained phage appeared as well-defined grey particles possessing a regular polyhedral head, with a six-sided outline measuring 37 ( Fig. 5 ) than the previous phosphate-treated samples. The heads of the intact phage are dense and black, whereas the empty heads of the ghosts appear "transparent." Careful examination of the ghost particles reveals the outline of the knobbed end of the tail projecting into the heads (see arrows in Fig. 5 ). The liberated DNA appears as irregular lines in the background.
To test the effect of a stronger chelating agent, a phage sample was made 0.02 M in EDTA (pH 6.8). After 10 min at 4 C, the sample contained intact phage, ghosts, empty heads, and knobbed tails (Fig. 6 ). The dissociation of the phage into heads and tails was more pronounced after a 1-day exposure to EDTA. Dialysis of the phage against the EDTA solution resulted in dissociation of 99% of the phage into their components (Fig. 7) . Shadowing the EDTA-dialyzed sample revealed that the released DNA is attached to or protrudes through the knobbed end of the free tail (Fig. 8) .
Phage samples dialyzed into phosphate and EDTA solutions showed a decrease in infectivity (90 to 99%) and an increase in viscosity corresponding with the dissociation of TP84 observed by electron microscopy. Reactivation of the phage by dialysis into TMS buffer did not occur. However, the presence of 0.08 M MgSO4 during dialysis of the phage into 0. adapter to join a head and tail of different symmetry. At present, the symmetry of the TP84 head and tail is unknown. The presence of a collar or disc on that end of a tail which joins into the head is common among bacteriophage (2).
Shadowed preparations of EDTA-dialyzed samples of TP84 revealed that the DNA released from the dissociated phage is attached to or projects through the knob on the phage tail. Bradley (2) , in a review of bateriophage structure and infection, stated that free tails and the tails of ghosts are hollow, indicating the loss of nucleic acids. In preparations of TP84, the tail of ghosts occasionally appears hollow, but free tails do not. This could be explained if one end of the DNA molecule is inserted into the entire length of the phage tail, with the remainder of the molecule being packed into the head of the dissociated particle. In this case, the DNA would actually be projecting from the knobbed end of the tail, rather than merely attached to it. In the case of the ghosts, the entire DNA molecule could have escaped through the ruptured head membrane, leaving the tail as well as the head empty. It is also possible that one tip of the DNA molecule is attached to the knobbed tail structure, and the hollow appearing tails seen in some of the ghosts are artifacts. The apparent physical attachment between the tail and the DNA molecule provides 
